TITLE OF THE INVENTION 
ILLUMINATION APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 2002-225253, filed August 1, 2002, 
the entire contents of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an illumination 
apparatus which is applied to an original reading 
apparatus which reads an original image to illuminate 
the original image for original image reading. 

2. Description of the Related Art 

An original reading apparatus which illuminates 
an original image, receives reflected light from the 
original image, detects an image reflected on the 
reflected light, and reads the original image is known. 
To properly read an original image, it is important to 
appropriately illuminate the original image. 

To appropriately illuminate an original image, 
the original image is irradiated from a plurality of 
directions. However, when a plurality of light sources 
are to be arranged to illuminate an original from a 
plurality of directions, support members that support 
the respective light sources are necessary, resulting 



in disadvantage for size reduction of the apparatus. 

BRIEF SUMMARY OF THE INVENTION 

An apparatus according to an aspect of the present 
invention is an apparatus which comprises a lens for 
reading the image and a plurality of light sources 
which are arranged into a circular shape that partially 
surrounds the lens. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings , which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
invention, and together with the general description 
given above and the detailed description of the 
preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1 is a view showing the outer appearance of 
an original reading apparatus to which an illumination . 
apparatus according to an embodiment of the present 
invention is applied; 

FIG. 2 is a perspective view showing a camera head 
according to the first embodiment and, more particu- 
larly, a camera head viewed from a camera lens side; 

FIG. 3 is a front view showing the camera 
head according to the first embodiment and, more 
particularly, the camera head viewed from the camera 
lens side; 

FIG. 4 is a perspective view showing a camera head 



according to the second embodiment and, more particu- 
larly, a camera head viewed from a camera lens side; 

FIG. 5 is a front view showing the camera 
head according to the second embodiment and, more 
particularly, the camera head viewed from the camera 

< 

lens side; 

FIG. 6 is a plan view showing the layout of light 
sources arranged in the camera illumination sections 
of the camera heads according to the first and second 
embodiments; 

FIG. 7 is a plan view showing the layout of the 
light sources arranged in the camera illumination 
sections of the camera heads according to the first 
and second embodiments, like FIG. 6; 

FIG. 8 is a side view showing the layout of the 
light sources arranged in the camera illumination 
sections of the camera heads according to the first 
and second embodiments; 

FIG. 9 is a view showing the positional relation- 
ship between the light sources tilted inward and those 
tilted outward in the camera illumination sections of 
the camera heads according to the first and second 
embodiments, and the tilt angles of the light sources; 
and 

FIG. 10 is a view showing an example of 
a diffusion cover that covers light sources. 



DETAILED DESCRIPTION OF THE INVENTION 
An embodiment of the present invention will be 
described below with reference to the accompanying 
drawing . 

FIG. 1 is a view showing the outer appearance of 
an original reading apparatus to which an illumination 
apparatus according to an embodiment of the present 
invention is applied. As shown in FIG. 1, the original 
reading apparatus has an original table 1, PC card, slot 
cover 2, camera head 3, camera lens 4, camera focus 
ring 5, camera arm 6, camera operation section 7, 
camera illumination section 8 (illumination apparatus) , 
and the like. 

An original to be read is placed on the original 
table 1. The PC card slot cover 2 covers a PC card 
slot. The original reading apparatus can be connected 
to a PC or the like using a PC card. The camera head 3 
has the camera lens 4, camera focus ring 5, and camera 
illumination section 8. The camera lens 4 is a lens 
used to read the original to be read, which is placed 
on the original table 1. The camera focus ring 5 
is the focus adjusting mechanism of the camera. 
The camera arm 6 is an arm which adjusts the positional 
relationship between the camera lens 4 and the original 
to be read, which is placed on the original table 1. 
The camera operation section 7 receives operation 
inputs such as various settings related to original 



reading by the camera head 3. The camera illumination 
section 8 illuminates the original to read it. 

FIG. 2 is a perspective view showing the camera 
head 3 according to the first embodiment and, more 
particularly, the camera head 3 viewed from the side of 
the camera lens 4. FIG. 3 is a front view showing the 
camera head 3 according to the first embodiment and, 
more particularly, the camera head 3 viewed from the 
side of the camera lens 4. 

As shown in FIGS. 2 and 3, the camera illumination 
section 8 is formed into a circular shape that 
partially surrounds the camera lens 4. The camera 
illumination section 8 is arranged close to the camera 
lens 4. The camera illumination section 8 has light 
sources such as LEDs or discharge tubes.. The light 
sources will be described later in detail. The surface 
(the surface opposing the original table 1). of. the., 
camera illumination section 8 and the surface (the 
surface corresponding to the original table 1) of the 
camera lens 4 are almost flush with each other. If the 
camera illumination section 8 is formed into a ring 
shape that completely surrounds the camera lens 4, it 
is very difficult to operate the camera focus ring 5. 
That is, since the camera illumination section 8 is 
formed into a circular shape that partially surrounds 
the camera lens 4, an original can be appropriately 
illuminated without deteriorating the operability of 
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the camera focus ring 5. In addition, the size, 
weight, and cost of the camera illumination section 8 
can also be reduced. An advantage about increasing 
the operability of the camera focus ring 5 has been 
5 described above. Simultaneously, the operability of 

the zoom adjusting mechanism and aperture adjusting 
mechanism, which are arranged around the camera lens 4, 
can also be increased. 

The camera illumination section 8 will now be 

10 described in more detail with reference to FIGS. 3 and 

6 to 9. FIGS. 6 to 9 also serve as explanatory views 
of a camera head 3 according to the second embodiment 
(to be described later) . The camera illumination 
section 8 has a board 70. The board 70 supports 

15 light sources such as LEDs that illuminate an original. 

The board 70 has light source connection portions 10, 
20, 30,. 40,. 50, and 60. A light source (head) 11 is 
connected to the light source connection portion 10. 
A light source (head) 21 is connected to the light 

20 source connection portion 20. A light source (head) 31 

is connected to the light source connection portion 30. 
A light source (head) 41 is connected to the light 
source connection portion 40. A light source (head) 51 
is connected to the light source connection portion 50. 

25 A light source (head) 61 is connected to the light 

source connection portion 60. 

As shown in FIG. 8, the light sources (heads) 11, 



21, 31, 41, 51, and 61 are arranged such that they have 
a uniform height. As shown in FIGS. 3, 6, and 7, the 
light sources (heads) 11, 21, 31, 41, 51, and 61 are 
laid out in a staggered pattern. That is, light beams 
from the light sources (heads) 11, 21, 31, 41, 51, and 
61 are radiated in a staggered pattern. When light 
beams are radiated in a staggered pattern, an original 
can be uniformly illuminated. 

An example of the staggered layout of the light 
sources will be described below with reference to 
FIGS. 3, 6, 7, and 9. For the description, circular 
arcs all, al2, and al3 are defined, as shown in FIG. 3. 
The circular arcs all, al2, and al3 have their centers 
at the same position. The radius of the circular 
arc all is larger than that of the circular arc al2. 
The radius of the circular arc al3 is larger than that 
of .the circular arc all. The light source connection 
portions 10, 20, 30, 40, 50, and 60 are arranged on the 
circular arc all. However, the light sources (heads) 
11, 31, and 61 are arranged to be located on the 
circular arc al2. The light sources (heads) 21, 41, 
and 51 are arranged to be located on the circular arc 
al3. In addition, the light sources (heads) 11, 31, 
and 61 located on the circular arc al2 are located at 
positions separated from radii drawn from the light 
sources (heads) 21, 41, and 51 located on the circular 
arc al3 to a center P of the circular arc. As shown in 



FIG. 6, the angle made by the center of the circular 
arc and the centers of the light source connection 
portions 10 and 60 is, e.g., 65°. The angle made by 
the center P of the circular arc and the centers of 
the light source connection portions 20 and 50 is, 
e.g., 39°. The angle made by the center P of the 
circular arc and the centers of the light source 
connection portions 30 and 40 is, e.g., 13°. 

That is, as shown in FIG. 9, the light sources 
(heads) 11, 21, 31, 41, 51, and 61 are supported at 
predetermined angles with respect to the normal from 
the board 70. The angles are, e.g., 15° ±5°. 
Strictly speaking, the light sources (heads) 11, 31, 
and 61 are arranged to tilt toward the inside of the 
circular arc all. The light sources (heads) 21, 41, 
and 51 are arranged to tilt toward the outside of 
the circular arc all. 

As described above, since the light sources 
(heads) 11, 21, 31, 41, 51, and 61 are arranged in 
a staggered pattern, light beams from these light 
sources (heads) are radiated in a staggered pattern. 
Accordingly, an original can be uniformly illuminated 

FIG. 4 is a perspective view showing a camera 
head 3 according to the second embodiment and, more 
particularly, the camera head 3 viewed from the side 
a camera lens 4. FIG. 5 is a front view showing the 
camera head 3 according to the second embodiment and, 



more particularly, the camera head 3 viewed from the 
side of the camera lens 4, 

As shown in FIGS. 4 and 5, each of camera 
illumination sections 8a and 8b is formed into a 
circular shape that partially surrounds the camera lens 
4. Each of the camera illumination sections 8a and 8b 
has almost the same basic arrangement as that of the 
camera illumination section 8. Hence, like the camera 
illumination section 8 of the camera head 3 according 
to the first embodiment, the camera illumination 
sections 8a and 8b of the camera head 3 according to 
the second embodiment can appropriately illuminate 
an original without deteriorating the operability of 
a camera focus ring 5. In addition, the size, weight, 
and cost of the camera illumination sections 8a and 8b 
can also be reduced. Furthermore, since the camera 
illumination sections 8a and 8b are formed to sandwich 
the camera lens 4, the camera head 3 according to the 
second embodiment can more appropriately illuminate 
an original, as compared to the camera head 3 according 
to the first embodiment. 

The camera illumination sections 8a and 8b will 
now be described in more detail with reference to 
FIGS. 5 and 6 to 9 . The camera illumination section 8a 
has a board 70a. The board 70a supports light sources 
such as LEDs that illuminate an original. The board 
70a has light source connection portions 10a, 20a, 30a, 



40a, 50a, and 60a. A light source (head) 11a is 
connected to the light source connection portion 10a. 
A light source (head) 21a is connected to the light 
source connection portion 20a. A light source (head) 
31a is connected to the light source connection portion 
30a. A light source (head) 41a is connected to the 
light isource connection portion 40a. A light source 
(head) 51a is connected to the light source connection 
portion 50a. A light source (head) 61a is connected to 
the light source connection portion 60a. 

The camera illumination section 8b has a board 
70b. The board 70b supports light sources such as ' LEDs 
that illuminate an original. The board 70b has light 
source connection portions 10b, 20b, 30b, 40b, 50b, and 
60b. A light source (head) lib is connected to the 
light source connection portion 10b. A light source 
(head) 21b is connected to the light source connection 
portion 20b. A light source (head) 31b is connected 
to the light source connection portion 30b. A light 
source (head) 41b is connected to the light source 
connection portion 40b. A light source (head) 51b is 
connected to the light source connection portion 50b. 
A light source (head) 61b is connected to the light 
source connection portion 60b. 

The arrangement of the illumination section 8 
of the camera head 3 according to the first embodiment 
is almost the same as that of the illumination section 



8a of the camera head 3 according to the second 
embodiment. That is, the board 70 corresponds to the 
board 70a. The light source connection portions 10, 
20, 30, 40, 50, and 60 correspond to the light source 
connection portions 10a, 20a, 30a, 40a, 50a, and 
60a, respectively. The light sources (heads) 11, 21, 
31, 41, 51, and 61 correspond to the light sources 
(heads) 11a, 21a, 31a, 41a, 51a, and 61a, respectively. 
In addition, the illumination section 8a and 
illumination section 8b are symmetric with respect to 
a center P of a circular arc all. That is, the board 
70a corresponds to the board 70b. The light source 
connection portions 10a, 20a, 30a, 40a, 50a, and 60a 
correspond to the light source connection portions 10b, 
20b, 30b, 40b, 50b, and 60b, respectively. The light 
sources (heads) 11a, 21a, 31a, 41a, 51a, and 61a 
correspond to the light sources (heads) lib, 21b, 31b, 
41b, 51b, and 61b, respectively. 

Hence, like the light sources of the illumination 
section 8, since the light sources (heads) 11a, 21a, 
31a, 41a, 51a, and 61a of the illumination section 8a 
are arranged in a staggered pattern, light beams from 
these light sources (heads) are radiated in a staggered 
pattern. Accordingly, an original can be uniformly 
illuminated. In addition, like the light sources -of 
the illumination section 8a, since the light sources 
(heads) lib, 21b, 31b, 41b, 51b, and 61b of the 



illumination section 8b are arranged in a staggered 
pattern, light beams from these light sources (heads) 
are radiated in a staggered pattern. Accordingly, 
an original can be uniformly illuminated. 

FIG. 10 is a view showing an example of a 
diffusion cover that covers light sources. The camera 
illumination section 8 of the camera head 3 according 
to the first embodiment is covered with a diffusion 
cover 80. That is, the dif fusion ■ cover 80 is designed 
to cover the light sources (heads) 11, 21, 31, 41, 51, 
and 61. The diffusion cover 80 has a diffusion sheet 
90, diffusion print surface 100, and adhesive surf ace 
110. For example, diffusion portions 101, 102, 103, 
and 104 are printed on the diffusion print surface 100. 
Light beams radiated from the light sources (heads) 11, 
21, 31, 41, 51, and 61 are diffused by the diffusion 
cover 80 (diffusion portions 101, .102, 103, and 104). 
and illuminate an original. With the diffusion cover 
80 (diffusion portions 101, 102, 103, and 104), an 
original can be uniformly illuminated. 

Similarly, the camera illumination section 8a of 
the camera head 3 according to the second embodiment 
is covered with a diffusion cover 80a. The camera 
illumination section 8b is covered with a- diffusion 
cover 80b. The basic arrangement of the diffusion 
covers 80a and 80b is almost the same as that of the 
diffusion cover 80, and a detailed description thereof 



will be omitted. 

In the above description, the camera illumination 
sections 8, 8a, and 8b are formed into a circular shape 
that partially surrounds the camera lens 4. However, 
the camera illumination section of the present 
invention is not limited to the circular shape. 
Also, in the above description, six light sources 
are arranged. However, in the present invention, 
the number of light sources is not limited to six. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



